[Abstract] Rat tail collagen solutions have been used as polymerizable in vitro three-dimensional (3D) extracellular matrix (ECM) gels for single and collective cell migration assays as well as spheroid formation. These 3D hydrogels are a relatively inexpensive, simple to use model system that can mimic the in vivo physical characteristics of numerous tissues within the body, namely the skin. While confocal imaging techniques such as fluorescence reflection and two-photon microscopy are able to visualize collagen fibrils during 3D imaging without fluorescence, other imaging modalities require direct conjugation of fluorescent dyes to collagen. Here we detail how to generate 3D collagen gels labeled with a fluorescent dye. Furthermore, we go through the steps required to reproducibly generate bright collagen hydrogels that are suitable for live cell 3D imaging techniques.
2. Pipette the proper calculated amount of stock collagen solution (2.5 ml) into the pre-cooled tissue culture dish. Be sure to keep the dish on ice.
3. Add the 10x DMEM (0.25 ml) and then the 10x RB (0.25 ml). After adding each slowly triturate with the 1 ml positive displacement pipette, making sure not to introduce any bubbles.
Alternatively, you can use a cell scraper to homogenize.
4. Add the calculated 1 N NaOH to the solution and triturate/mix with a positive displacement pipette or cell scraper. Once the solution is mixed well and shows a consistent, single color take a 2 μl sample and test the pH with a pH strip, waiting 1-2 min to determine the pH. The pH should be between 7.0 and 7.4, and the solution color should be peach (pinkish orange: Figure   1 ). If the solution is over a pH of 7.4, adjust with 1 N HCl, 1 μl at a time. Be sure to note the changes and adjust the PBS ++ accordingly including for the 2 μl sample (i.e., if 2 μl of HCl were added, reduce the PBS ++ by the same amount).
5. Add PBS ++ (adjusted if necessary) to the tissue culture dish until fully mixed and place again in the ice.
6. Allow gravity to help spread the collagen evenly over the dish by tilting the dish to 45-degree and rotating the dish.
7. Cover and place the dish on the bench top and allow the collagen to polymerize at room temperature (approximately 21 °C). Check the collagen gel by eye using a 10x or 20x phase contrast objective on an inverted brightfield microscope after 30 min and then every fifteen minutes thereafter. Small, intertwined fibrils should be visible ( Figure 1) . Again, the polymerization process can vary preparation to preparation based on the collagen used. Too short an incubation time can lead to loss of collagen gel integrity and an overall loss of collagen monomers and will result in a greatly reduced end-product concentration. Longer incubations have no major effect (always side on longer incubations). Testing in small 150 μl batches is suggested if you are unsure. Also, taking a brightfield image before and after adding the PBS ++ will help determine if the structure has dramatically changed. C. Collagen gel labeling with NHS-ester dye 1. Once the solution is completely polymerized and formed a gel, add 10 ml of 50 mM borate buffer (pH 9.0) and incubate for 15 min at room temperature.
2. Meanwhile, calculate the amount of dye needed to properly label the amount of protein within the gel using the following equation: 2. Add 500 to 1,000 μl of 500 mM acetic acid to the gel. Bring the gel into a cold room and rock slowly for 1 h.
Note: The larger the volume of acetic acid you add the easier it is to get the gel to go into solution.
However, this will decrease your final concentration. We suggest starting with 500 μl and adding extra incrementally over time if needed.
3. After 1 h, use a cell scraper to mix the gel. Scrape gel to one side of the dish (on an angle) and pipette up gel solution with a 1,000 μl positive displacement pipette set to 750 μl. If using a regular pipette, you may need to cut off the pipette tip at about the 100 μl mark for a larger tip opening because of the gel viscosity. Pipette the collagen into the cassette being sure to remove any air bubbles before closing. 6. Follow the Sircol collagen assay to determine the collagen's concentration.
7. Fluorescently labeled collagen can be stored at 4 °C protected from light for more than one year or indefinitely at -80 °C.
F. Concentration of collagen solutions using salt precipitation (modified from Chandrakasan et al., 1976) 1. Perform all steps at 4 °C.
2. Estimate the current volume of the collagen to be concentrated (should still be in the scintillation vial) and add an equal volume of 8% NaCl.
Note: A precipitate should begin forming in several minutes. at specific ratios (1:5, 1:4, etc.) 3. After 30 min, a colored streak will often be noticeable at the bottom edge of the centrifuge tubes.
Being sure not to disturb the pelleted collagen, remove the supernatant to a 15 ml conical tube and store at 4 °C.
4. Repeat the process with the remaining collagen (this usually requires a total of 12 tubes).
5. This 4% fluorescently-labeled collagen can now be used for generating individual collagen gels for live cell microscopy using the calculations in Procedure I (below) and the protocol used in (Doyle et al., 2015) . Decreasing the polymerization temperature leads to a slower gel formation. We hypothesize that decreasing the temperature leads to fewer nucleation sites from which fibrils polymerize, hence the fibrils extend more and create larger pore sizes observed in Figure 2 .
7. It is expected that following this protocol individual fibrils will be easily observable using laser scanning confocal, spinning disk confocal (Figure 2 ), or light sheet microscopy.
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Notes
While using rat tail collagen is a simple and easy way to use 3D hydrogel, it does require repetition to get gels to become consistent. Collagen type I 3D gels is highly dependent on 1) collagen concentration, 2) the ionic concentration, 3) pH, and of course, 4) temperature. Because each of these can affect the time to polymerization, which inevitably leads to the differences in ECM architecture, it is vital that each of the above parameters is consistent between experiments. pH is by far the most variable since it needs to be tested and adjusted to neutralize each batch of collagen made. It is suggested that pH should be checked for each batch and do not assume that the amount of 1 N NaOH will always be the same. Small aliquots of stocks solutions are used throughout the protocol to cut down on changes in concentration due to evaporation that can occur over time.
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